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for	 building	 applications	 today.	 With	 a	 thermal	 conductivity	 down	 to	 13	mW/(mK)	 for	 commercial	
products	they	show	remarkable	characteristics	compared	to	traditional	thermal	insulation	materials.	Also	
the	possibility	of	high	transmittances	in	the	solar	spectrum	is	of	high	interest	for	the	construction	sector.	
With	 the	 proper	 knowledge	 they	 give	 both	 the	 architect	 and	 engineer	 the	 opportunity	 of	 re‐inventing	
























In	 2005,	 buildings	 emitted	 8.3	Gt	 carbon	 dioxide	 each	 year	 accounting	 for	 more	 than	 30	%	 of	 the	
greenhouse	 gas	 emissions	 in	many	 developed	 countries.	 Residential	 and	 commercial	 retrofit	 insulation	
has	 been	 found	 as	 one	 of	 the	most	 cost	 effective	 actions	 for	 greenhouse	 gas	 abatement	 [47].	Herefore,	
Traditional	insulation	materials	[46]	were	and	are	being	used	in	thicker	or	multiple	layers	which	result	in	





one	 of	 these	 new	 promising	 high	 performance	 thermal	 insulation	 materials	 for	 possible	 building	








insulation	 material	 for	 building	 applications.	 This	 is	 carried	 out	 in	 2	 main	 parts:	 Firstly,	 aerogels	 are	
discussed	 in	 general:	 How	 come	 they	 have	 such	 a	 high	 thermal	 quality?	 And	 what	 are	 their	 physical	
properties?	 The	 remarkable	 properties	 of	 aerogels	 are	 due	 to	 its	 extraordinary	 physical	 and	 chemical	
structure,	 which	 is	 the	 result	 of	 an	 advanced	 and	 complicated	 production	 process.	 Therefore,	 the	
production	 process	 of	 aerogels	 will	 be	 explained	 first.	 Secondly,	 a	 review	 is	 given	 on	 current	 building	
applications	of	aerogels.	Building	applications	as	thermal	and	acoustic	insulation	materials	is	currently	the	

















The	 synthesis	 of	 (silica)	 aerogels	 may	 be	 divided	 in	 three	 general	 steps:	 Gel	 preparation	 by	 sol‐gel	
processes,	ageing	of	the	gel	in	its	mother	solution	to	prevent	the	gel	to	shrink	during	drying,	and	drying	of	
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network	of	particles	 spanning	 the	 liquid.	This	 requires	 that	 the	 solid	nanoparticles	 in	 the	 liquid	 collide	
with	each	other	and	stick	together.	This	is	easy	for	some	nanoparticles	since	they	contain	reactive	surface	
groups	that	make	them	stick	 together	after	colliding	by	bonding	or	by	electrostatic	 forces,	whereas	 this	
may	 require	 the	 addition	 of	 an	 additive	 to	make	 them	 stick	 together	when	 colliding	 by	 bonding	 or	 by	















During	ageing,	 two	different	mechanism	(might)	affect	 the	structure	of	 the	gel:	Transport	of	material	 to	
the	neck	region	and	dissolution	of	small	particles	 into	larger	ones.	Common	ageing	procedures	typically	



















"Obviously,	 if	one	wishes	to	produce	an	aerogel,	he	must	replace	the	 liquid	with	air	by	some	means	 in	













OH	 groups	 on	 the	 surface	 of	 the	 gel	 backbone	 to	 form	 CH3O	 groups,	 which	 make	 the	 silica	 aerogels	
partially	 hydrophobic	 and	 is	 the	 reason	 why	 HTSCD	 silica	 aerogels	 are	 generally	 of	 higher	 quality.	
Furthermore,	HTSCD	 has	 been	 found	 the	 best	way	 to	minimize	 shrinkage	 of	 the	 gel.	 For	 each	 possible	
solvent,	drying	pressures	are	known	for	which	shrinkage	of	the	aerogels	stays	below	5	%	[39].	











is	 carried	 out	 by	 replacing	 the	 present	 solvent	 with	 a	 water‐free	 solvent	 and	 a	 sylilating	 agent	 (e.g.	
hexamethyldisilazane	HMDS)	 [44],	 resulting	 in	 a	 replacement	of	H	 from	OH	groups	by	 an	 alkyl	 such	as	
CH3.	 Secondly,	 drying	 is	 carried	 out	 by	 ambient	 pressure	 evaporation	 [11]	 and	 consists	 of	 three	 steps:	
After	a	warming	period,	the	first	drying	period	occurs	where	the	volume	loss	of	the	gel	balances	those	of	
the	evaporated	liquid	as	free	water	moves	continuously	to	the	external	surface	by	capillary	forces.	In	the	




The	 high	 potential	 of	 silica	 aerogels	 is	 due	 to	 their	 unusual	 solid	 material	 properties.	 Silica	 aerogels	













used	 in	 combination	 with	 a	 vacuum,	 where	 the	 envelope	 prevents	 water	 inclusion	 and	 the	 vacuum	
reduces	 the	 thermal	 conductivity	 furthermore.	 However,	 the	 weak	 tensile	 properties	 are	 solved	 for	
commercial	aerogel	insulation	materials	by	incorporating	it	in	a	fibre	matrix.	
3.1.	Thermal	conductivity	
Aerogels	 have	 a	 very	 low	 thermal	 conductivity	 λtot	 (W/(mK))	 [41],	 resulting	 from	 as	 well	 a	 low	 solid	
skeleton	 conductivity,	 a	 low	gaseous	 conductivity	 λg	 and	a	 low	radiative	 infrared	 transmission	TIR	 [54].	
However,	an	attempt	to	come	to	an	overall	thermal	conductivity	by	summing	all	factors	may	be	difficult,	






























characteristic	size	of	pores	δ	(e.g.	pore	diameter),	where	dg	 is	 the	diameter	of	 the	gas	molecules,	kB	 the	












become	 a	 dominant	 factor	 of	 the	 thermal	 conductivity	 at	 high	 temperatures,	 i.e.	 above	 200°C,	 but	will	
represent	 no	 problem	 at	 low	 temperatures.	 Furthermore,	 the	 radiative	 transfer	 can	 be	 suppressed	 by	
adding	an	additional	component	such	as	carbon	black	to	the	aerogel,	i.e.	before	or	after	the	critical	drying,	
that	either	absorbs	or	scatters	infrared	radiation.	In	this	way,	the	overall	thermal	conductivity	at	ambient	
pressure	 can	 be	 decreased	 to	 a	 value	 of	 13.5	mW/(mK)	 at	 ambient	 pressure	 and	 to	 4	mW/(mK)	 at	 a	




Fig.	 3.	 [left]	 The	 thermal	 conductivity	 of	 air	 as	 a	 function	 of	 the	 air	 pressure	 and	 the	 average	 pore	




Silica	 aerogels	 have	 interesting	 optical	 properties.	 In	 Fig.4,	 one	 can	 notice	 the	 high	 transmittance	 of	
radiation	within	 the	 range	 of	 visible	 light	 (i.e.	 radiation	with	 a	wavelength	 between	 380	 and	 780	nm).	
Monolith	 translucent	 silica	 aerogel	 in	 a	 10	mm	 thick	packed	bed	has	 a	 solar	 transmittance	TSOL	 of	 0.88	
[58].	Heat	 treatment	of	 the	aerogels	can	 increase	 their	 transparency	 further,	 i.e.	 currently	by	up	 to	6	%	
[33],	 because	 of	 water	 desorption	 and	 burning	 of	 organic	 components.	 The	 optical	 properties	 can	 be	
influenced	 furthermore	 by	 parameters	 of	 the	 sol‐gel	 process,	 i.e.	 by	 selecting	 optimal	 synthesis	
parameters	[54].	
Light	 reflected	by	 (silica)	 aerogels	appears	bluish	and	 transmitted	 light	 appears	 slightly	 reddened.	This	
scattering	of	the	light	can	be	explained	by	bulk‐	or	Rayleigh	scattering	and	by	exterior	surface	scattering.	
Rayleigh	scattering	 is	caused	by	 the	 interaction	with	 inhomogeneities	 in	solids,	 liquids	or	gases	such	as	
dust	particles	in	the	atmosphere,	and	becomes	more	effective	when	the	size	of	the	particles	is	similar	to	
the	 wavelength	 of	 the	 incident	 light.	 The	 presence	 of	 a	 certain	 number	 of	 pores	 within	 this	 range	 in	
aerogels	can	act	as	so‐called	‘scattering	centres’.	The	efficiency	of	scattering	will	depend	on	the	size	of	the	
scattering	centres,	while	different	wavelengths	of	radiation	will	scatter	with	different	magnitudes.		
Silica	 aerogels	 can	 also	 have	 a	 high	 transparency	 in	 the	 infrared	 spectrum,	 i.e.	 a	 TIR	 of	 0.85.	 This	
transparency	 increases	 the	 overall	 thermal	 conductivity	 of	 silica	 aerogels,	 especially	 at	 higher	















Aerogel	 insulation	 sheets	 suffer	 from	 dust	 production.	 As	 most	 of	 the	 commercial	 aerogel	 insulation	
products	consist	of	complete	amorphous	(and	thus	0	%	crystalline)	silica,	exposure	limits	in	the	range	of	
5	mg/m³	 for	 respirable	dust	 count	 in	 the	US	OSHA.	However,	 the	 International	Agency	 for	Research	on	
Cancer	 (IARC)	 considers	 synthetic	 amorphous	 silica	 to	 be	 not	 classifiable	 as	 to	 its	 carcinogenicity	 to	
humans	 (i.e.	 group	3).	No	evidence	of	 silicosis	has	been	 found	 from	epidemiological	 studies	of	workers	
with	 long‐term	 exposure	 to	 synthetic	 silica,	 whereas	 studies	 of	 various	 animal	 species	 show	 that	
amorphous	silica	can	be	completely	cleared	from	the	lungs	[48,82].	
Monolith	 silica	 aerogels	 consists	 of	 SiO2	 with	 a	 ‐CH3	 treated	 surface	 for	 hydrophobisation.	 They	 are	
generally	 non‐flammable	 and	 non‐reactive.	 Also	 commercial	 products	 containing	 silica	 aerogels	 are	
considered	 to	 have	 the	 same	 properties	 [71].	 Even	 more,	 aerogel	 insulation	 is	 used	 as	 fire‐protecting	
material	[1,55]	where	the	PET	fibers	generally	used	for	reinforcement	are	replaced	[2].	
4.	Building	applications	of	aerogels	
Silica	 aerogels	 are	 an	 innovative	 alternative	 to	 traditional	 insulation	 due	 to	 their	 high	 thermal	
performance,	 although	 the	 costs	 of	 the	 material	 remain	 high	 for	 cost‐sensitive	 industries	 such	 as	 the	




translucent	 insulation	 materials	 or	 (iii)	 transparent	 monolithic	 aerogel.	 Two	 examples	 of	 translucent	
aerogel	insulation	applied	over	large	areas	in	new	buildings	for	daylighting	purposes	are	depicted	in	Fig.	5	
[35].	Aerogel	insulation	applied	as	retrofitting	of	an	old	brick	building	is	shown	in	Fig.	6.	,	which	in	another	
example	 also	 shows	 a	 timber	 wall	 with	 aerogel	 insulated	 studs	 (top	 floor),	 demonstrating	 by	 infrared	








image	 of	 a	 timber	wall	where	 the	 studs	 of	 the	 top	 floor	 are	 insulated	with	 a	 thin	 layer	 of	 aerogel	
insulation	whereas	the	ground	floor	is	not	[3].	
4.1.	Opaque	aerogel	insulation	materials	
Currently,	 an	 aerogel	 based	 insulation	material	 is	 developed	 called	 Spaceloft®	 by	 Aspen	Aerogels,	 Inc.	
(Northborough,	MA,	US)	[71].	Spaceloft®	is	a	flexible	aerogel	blanket	currently	available	in	thicknesses	of	
10	mm	and	has	a	thermal	conductivity	of	13.1	mW/(mK)	at	273	K,	2	to	2.5	times	 lower	than	traditional	
thermal	 insulation	 materials.	 Interesting	 is	 also	 the	 preparation	 procedure	 for	 the	 aerogel	 in	 [18].	










PackTM	by	Cabot	Aerogel	 (Massachusettes,	USA)	 [12]	with	 a	 thermal	 conductivity	 ‘half	 the	 value	 of	 that	
from	polyurethane’	 or	 14	mW/(mK).	 The	 product	 can	be	 ‘activated’	whereafter	 it	will	 expand	 to	 fill	 all	





of	 its	combination	of	a	 low	 thermal	 conductivity	and	a	high	 transmittance	of	daylight	and	solar	energy.	
Within	 this	 purpose,	 research	 has	 been	 conducted	 in	 the	 last	 decade	 on	 the	 development	 of	 highly	
insulating	windows	based	on	granular	aerogel	and	monolithic	aerogel,	e.g.	[63,64].		
A	granular	aerogel	based	window	was	developed	by	ZAE	Bayern	(Germany)	[57‐59,83].	Here,	two	types	of	










ii.	 A	 sun	protecting	system	was	developed	by	applying	 two	 low‐e	coatings	with	an	ε	of	0.03	onto	 the	




A	monolithic	 aerogel‐based	window	was	 developed	 by	 the	HILIT+	 project	 of	 the	 European	 Union.	 This	









the	 present	 quality	 of	 aerogel	 most	 suitable	 for	 north	 face	 windows	 and	 for	 daylight	 components	 in	
general.	
At	 the	 present,	 two	 commercial	 types	 of	 such	 aerogel‐based	 daylight	 systems,	 i.e.	 Scoba‐lit	 and	Okagel	
windows,	are	developed	and	manufactured	by	Okalux,	resp	Scobalit	where‐fore	the	aerogel	is	produced	by	
Cabot	 Aerogel	 under	 the	 name	 NanogelTM	 and	 Okagel®	 [13,14].	 The	 aerogel	 product	 has	 a	 thermal	
conductivity	 of	 18	mW/(mK)	 and	 the	 fabricator	 offers	 skylights	 with	 a	 heat	 transmittance	 coefficient	










close	 to	aerogels,	 is	 the	 technology	of	vacuum	 insulated	panels	 (VIPs)	 [5,9,65]	among	others.	Such	VIPs	
apply	a	vacuum	to	a	material,	i.e.	mainly	fumed	silica,	in	order	to	drastically	reduce	the	gaseous	thermal	
conductivity.	 Although	 an	 air‐tight	 metal	 or	 metallized	 (thus	 highly	 thermal	 conducting)	 envelope	 is	
necessary	to	maintain	the	applied	vacuum,	centre‐of‐panel	thermal	conductivities	of	4	mW/(mK)	[78]	are	
achieved	 for	 VIPs	 in	 pristine	 conditions.	 Envelope‐related	 aspects	 as	 well	 as	 ageing	 raises	 the	 overall	
thermal	conductivity	to	a	range	of	7	to	10	mW/(mK)	[5,7].	Compared	to	aerogels,	VIPs	have	advantages	
and	 disadvantages	 for	 possible	 building	 applications.	 In	 general,	 VIPs	 obtain	 a	 much	 lower	 thermal	
conductivity	and	as	a	result	can	strongly	reduce	the	applied	thickness	of		the	thermal	insulation	material,	
but	 the	 thermal	conductivity	of	VIPs	will	 increase	 through	 time	due	to	 intake	of	air	and	moisture.	Even	
more,	damageing	the	envelope	will	increase	the	VIPs	overall	thermal	conductivity	to	that	of	fumed	silica,	
i.e.	 20	mW/(mK),	 far	 above	 the	 thermal	 conductivity	 of	 silica	 aerogels.	 Furthermore,	 VIPs	 can	 not	 be	
adapted	or	cut	at	the	building	site.	
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